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(54) Liquid crystal display, apparatus for driving a liquid crystal display, and method of 
generating gray voltages 



(57) A liquid crystal display, apparatus for driving a 
liquid crystal display and a method of driving gray volt- 
ages for the same. The liquid crystal display includes a 
plurality of gate lines transmitting gate signals, a plural- 
ity of data lines intersecting the plurality of gate lines and 
transmitting data voltages, and a plurality of pixel rows. 
Each pixel row includes a plurality of pixels, and each 
pixel includes a switching element connected to one of 
the plurality of gate lines and one of the plurality of data 
lines. The polarity of the data voltages supplied to the 
plurality of pixels are inverted by a pixel group including 
two or more pixel rows. The absolute values of the data 
voltages applied to one row of the pixel group with re- 
spect to a first predetermined voltage are greater than 
the absolute values of the data voltages applied to an- 
other row of the pixel group for the same grays. 
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Description 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 5 

[0001] The present invention relates to a liquid crystal 
display, an apparatus for driving a liquid crystal display, 
and a method of generating gray voltages for a liquid 
crystal display. 

(b) Description of the Related Art 

[0002] A typical liquid crystal display ("LCD") includes 
a pair of transparent glass substrates facing each other 
to define a narrow gap therebetween and a liquid crystal 
layer with dielectric anisotropy filled in the gap. A plural- 
ity of field-generating electrodes opposite each other 
are provided on the inner surfaces of the respective 
glass substrates. The field-generating electrodes are 
applied with voltages to generate an electric field in the 
liquid crystal layer. The LCD displays a desired image 
by controlling the voltages applied to the field-generat- 
ing electrodes to adjust the transmittance of light pass- 
ing through the liquid crystal layer. 
[0003] Among the LCDs, a thin-film transistor ("TFT") 
LCD using TFTs as switching elements is widely used. 
A typical TFT LCD has a plurality of pixels arranged in 
a matrix, a plurality of gate lines extending in a row di- 
rection, and a plurality of data lines extending in a col- 
umn direction. Each pixel includes a TFT connected to 
one of the gate lines and one of the data lines and a 
liquid crystal capacitor having a pixel electrode, a com- 
mon electrode opposite thereto and a liquid crystal layer 
therebetween. 

[0004] An electric field is generated by the voltage dif- 
ference between the pixel electrodes and the common 
electrode, and the field direction is periodically inversed 
in order to prevent the deterioration of the characteris- 
tics of the LCD. If not, continuous application of unidi- 
rectional electric field causes precipitation of Ionic im- 
purities in the liquid crystal layer onto the pixel elec- 
trodes and the common electrode, thereby causing 
electro-chemical reactions in the electrodes. The field- 
direction is inversed by reversing the polarity of the volt- 
ages applied to the pixel electrodes (referred to as "data 
voltages" hereinafter) with respect to the voltage applied 
to the common electrodes (referred to as "common volt- 
age" hereinafter). 

[0005] The inversion in an LCD reverses the polarity 
of the data voltages by frame ("frame inversion"), by row 
("line inversion"), and by pixel ("dot inversion"). 
[0006] The dot inversion includes one dot inversion 
and two-to-one dot inversion. The dot inversion revers- 
es the polarities of the pixels adjacent to each other in 
the row direction. In the one dot inversion, the adjacent 
pixels in the column direction have the opposite polari- 
ties. On the other hand, the polarity of the pixels in the 



column direction is reversed every two rows in the two- 
to-one inversion. 

[0007] In the dot inversion, voltages across liquid 
crystal capacitors (referred to as "pixel voltages") in a 
row are dropped when liquid crystal capacitors in the 
next row are charged, since parasitic capacitors be- 
tween the liquid crystal capacitors in the adjacent rows 
generate AC currents. In particular, the voltage differ- 
ence of the pixels in adjacent two rows with the same 
polarity in the two-to-one dot inversion induces bright- 
ness difference therebetween. For example, the upper 
one of two adjacent pixels with the same polarity in the 
column direction, when applied with the same data volt- 
age, has larger pixel voltage than the lower one. 
[0008] On the contrary, voltage delay caused by a 
slew rate decreases the pixel voltage of the upper pixel 
larger than the lower pixel. For example, it is assumed 
that the same data voltage is applied to the upper and 
the lower pixels. The data voltage flowing through the 
data line experiences RC delay when charging the up- 
per pixel since the voltage difference from the previous 
data voltage with different polarity is large. That is, the 
large voltage difference makes it to take time to reach 
the expected value. However, the data voltage hardly 
experiences the RC delay when charging the lower pixel 
since the data voltages for the upper and the lower pix- 
els are the same. Therefore, the pixel voltage of the up- 
per pixel has a smaller value than the lower pixel. 

SUMMARY OF THE INVENTION 

[0009] A liquid crystal display is provided, which in- 
cludes: a plurality of gate lines transmitting gate signals; 
a plurality of data lines intersecting the plurality of gate 
lines and transmitting data voltages; and a plurality of 
pixel rows, each pixel row including a plurality of pixels, 
each of the plurality of pixels including a switching ele- 
ment connected to one of the plurality of gate lines and 
one of the plurality of data lines, wherein polarity of the 
data voltages supplied to the plurality of pixels are in- 
verted by a pixel group including two or more pixel rows, 
and absolute values of the data voltages applied to one 
row of the pixel group with respect to a first predeter- 
mined voltage are greater than the absolute values of 
the data voltages applied to another row of the pixel 
group for the same grays. 

[0010] It is preferable that the one pixel row is firstly 
or lastly applied with the data voltages in the pixel group. 
[0011] According to an embodiment of the present in- 
vention, the liquid crystal display further includes a gate 
driver for sequentially supplying a gate-on voltage to the 
plurality of gate lines to turning on the switching ele- 
ments; a gray voltage generator generating a plurality 
of gray voltages, each gray voltage having at least two 
different values; and a data driver for selecting the plu- 
rality of gray voltages and supplying the selected gray 
voltages as the data voltages to the plurality of pixels 
via the turned on switching elements. 
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[0012] According to an embodiment of the present in- 
vention, the gray voltage generator includes a gray volt- 
age producer generating the plurality of gray voltages 
based on a plurality of reference voltages including a 
first reference voltage; and a reference voltage produc- 5 
er, connected to the gray voltage producer, generating 
the first reference voltage with a value which varies de- 
pending on the number of the pixel rows in the pixel 
group to provide for the gray voltage producer. 
[001 3] According to an embodiment of the present in- 10 
vention, the reference voltage producer includes a pulse 
signal producer generating at least one pulse signal 
having a period depending on the number of the pixel 
rows in the pixel group; and a level adjuster adjusting a 
voltage level of the at least one pulse signal from the *s 
pulse signal producer to generate the first reference 
voltage. 

[0014] According to an embodiment of the present in- 
vention, the at least one pulse signal includes a first 
pulse signal and a second pulse signal, the first and the 20 
second pulse signals are inverted signals of each other. 
The level adjuster includes an input voltage generator 
alternately switching the first and the second pulse sig- 
nals and changing levels of the first and the second 
pulse signals to generate a first voltage, and a level 25 
changer changing the first voltage to generate the first 
reference voltage. 

[001 5] According to an embodiment of the present in- 
vention, the input voltage generator comprises a switch 
alternately switching the first and the second pulse sig- 30 
nals and a plurality of resistors comprising a pair of first 
resistors connected in series between a second prede- 
termined voltage and a third predetermined voltage and 
a pair of second resistors respectively connected to the 
first and the second pulse signals, the switch is connect- 35 
ed to a first node between the first resistors and alter- 
nately connected to the second resistors, and the input 
voltage generator outputs a voltage of the first node. 
[0016] It is preferable that the level changer includes 
an amplifier amplifying the first voltage, and a third re- 40 
sistor connected between the amplifier and the gray 
voltage producer. Furthermore, when the plurality of ref- 
erence voltages further comprises a second reference 
voltage, the level changer preferably includes an invert- 
er inverting an output of the amplifier with respect to a 
second predetermined voltage, a fourth resistor, con- 
nected between the inverter and the gray voltage pro- 
ducer, for providing the second reference voltage. 
[0017] According to an embodiment of the present in- 
vention, the gray voltage producer includes a plurality 50 
of fifth resistors for positive grays connected in series a 
plurality of sixth resistors for negative grays connected 
in series, one of the first and the second reference volt- 
ages are provided for a node between the fifth resistors, 
and the other of the first and the second reference volt- 55 
ages are provided for a node between the sixth resistors 
[0018] According to an embodiment of the present in- 
vention, the pulse signal producer includes a D flip flop 



generating the first and the second pulse signals based 
on a clock signal for the gate driver. The pulse signal 
producer further comprises an OR gate ORing the first 
pulse signal and a start signal for the gate driver to pro- 
vide a signal for the D flip flop as an input. 
[0019] According to another embodiment of the 
present invention, the at least one pulse signal includes 
a first pulse signal and a second pulse signal, the first 
and the second pulse signals are inverted signals of 
each other, and the level adjuster includes a resistor 
connected to one of the first and the second pulse sig- 
nals. 

[0020] An apparatus for driving a liquid crystal display 
is provided, which includes: a gray voltage producer 
generating a plurality of positive gray voltages and a plu- 
rality of negative gray voltages based on a plurality of 
reference voltages including a first reference voltage for 
positive grays and a second reference voltages for neg- 
ative grays; a pulse signal producer generating first and 
second pulse signals with inverted phases; and a level 
adjuster adjusting a voltage level of the first and the sec- 
ond pulse signals from the pulse signal producer to gen- 
erate the first and the second reference voltages. 
[0021] The level adjuster preferably includes a switch 
alternately switching the first and the second pulse sig- 
nals; a pair of first resistors connected in series between 
a first predetermined voltage and a second predeter- 
mined voltage; a pair of second resistors respectively 
connected to the first and the second pulse signals, the 
switch connected to a node between the first resistors 
and alternately connected to the second resistors; a first 
amplifier, connected to the node, for amplifying a voltage 
of the node to produce the first reference voltage; and 
a second amplifier inverting an output of the amplifier 
with respect to a predetermined voltage to produce the 
second reference voltage. 

[0022] A method for generating gray voltages with 
changing amplitudes for a liquid crystal display is pro- 
vided, which includes: generating first and second pulse 
signals with inverted phases; periodically switching the 
first and the second pulse signals; changing levels of 
the first and the second pulse signals to generate a first 
voltage; amplifying the first voltage to produce a first ref- 
erence voltage; inverting the first reference voltage with 
respect to a predetermined voltage to produce a second 
reference voltage; and generating a plurality of positive 
and negative gray voltages based on the first and the 
second reference voltages. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] The above and other objects and advantages 
of the present invention will become more apparent by 
describing preferred embodiments thereof in detail with 
reference to the accompanying drawings in which: 

FIG. 1 is a block diagram of an LCD according to 
an embodiment of the present invention; 
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FIG. 2 is a schematic diagram of an LCD according 
to an embodiment of the present invention; 
FIG. 3 shows the polarities of pixel of an LCD ac- 
cording to an embodiment of the present invention; 
FIG. 4 illustrates waveforms of signals suitable for s 
an LCD according to an embodiment of the present 
invention; 

FIG. 5 is a circuit diagram of a gray voltage gener- 
ator according to an embodiment of the present in- 
vention; 

FIG. 6 shows signals required for operations of a 
gray voltage generator according to an embodiment 
of the present invention; and 
FIG. 7 is a circuit diagram of a gray voltage gener- 
ator according to another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0024] The present invention now will be described 
more fully hereinafter with reference to the accompany- 
ing drawings, in which preferred embodiments of the in- 
vention are shown. This invention may, however, be em- 
bodied in many different forms and should not be con- 
strued as limited to the embodiments set forth herein. 
Like numerals refer to like elements throughout. Then, 
liquid crystal displays and methods of driving the same 
according to embodiments of the present invention will 
be described with reference to the drawings. 
[0025] FIG. 1 is a block diagram of an LCD according 
to an embodiment of the present invention. 
[0026] As shown in FIG. 1 , an LCD includes an LCD 
panel assembly 300, a gate driver 400, a data driver 
500, a signal controller 600, a driving voltage generator 
700, and a gray voltage generator 800. 
[0027] In view of circuit diagram, the panel assembly 
300 includes a plurality of display signal lines G 1 -G n and 
D r D m and a plurality of pixels connected thereto. 
[0028] The display signal lines include a plurality of 
gate lines (or scanning signal lines) G r G n extending in 
a row direction, a plurality of data lines (or image signal 
lines) D r D m extending in a column direction to inter- 
secting the gate lines G 1 -G n . The gate lines -G n trans- 
mit gate signals (or scanning signals), while the data 
lines D r D m transmit data signals (or image signals). 
[0029] Each pixel is defined by one of the gate lines 
G r G n and one of the data lines D r D m , and includes a 
switching element Q connected to the display signal 
lines G r G n and D r D m , a liquid crystal capacitor C te and 
a storage capacitor C st connected thereto. Each switch- 
ing element Q has three terminals, a control terminal 
connected to one of the gate lines G r G n , an input ter- 
minal connected to one of the data lines D^D^ and an 
output terminal connected to the liquid crystal capacitor 
Cj c and the storage capacitor C st . The liquid crystal ca- 
pacitor C, c is connected between the switching element 
Q and a common voltage (or a reference voltage) V com , 



while the storage capacitor C^ is connected between 
the switching element Q and a predetermined voltage 
such as the common voltage V^. Alternatively, the 
storage capacitor C st is connected between the switch- 
ing element Q and a gate line located just above the 
associated pixel (referred to as a "previous gate line" 
hereinafter). The former connection type of the storage 
capacitor C^ is called a "separate wire type", while the 
latter is called a "previous gate type". 
[0030] FIG. 2 shows a schematic structural view of an 
LCD according to an embodiment of the present inven- 
tion. For convenience, only one pixel is depleted in FIG. 
2. 

[0031] As shown in FIG. 2, a liquid crystal panel as- 
sembly 300 includes a lower panel 100, an upper panel 
200 and a liquid crystal layer 3 interposed therebe- 
tween. A plurality of gate lines G M and G,, a data line 
Dj, a switching element Q and a storage capacitor C st is 
provided on the lower panel 1 00. A liquid crystal capac- 
itor C lc has two terminals respectively formed of a pixel 
electrode 190 on the lower panel 100 and a reference 
electrode 270 on the upper panel 200, and a dielectric 
formed of the liquid crystal layer 3 between the elec- 
trodes 190 and 270. 

[0032] The pixel electrode 190 is connected to the 
switching element Q. The reference electrode 270 cov- 
ers the entire surface of the upper panel 200 and is con- 
nected to the reference voltage V com . 
[0033] The liquid crystal molecules in the liquid crystal 
layer 3 changes their arrangement depending on the 
variation of electric field generated by the electrodes 
1 90 and 270, thereby inducing the change of the polar- 
ization of light incident into the liquid crystal layer 3. The 
change of the polarization turns out to be the change of 
the light transmittance by polarizers (not shown). 
[0034] In the meantime, a wire applied with the refer- 
ence voltage V com is preferably provided on the lower 
panel 100 and overlaps the pixel electrode 190 to form 
a storage capacitor C st along with the pixel electrode 
190. In case of the previous gate type, the pixel elec- 
trode 190 overlaps a previous gate line G M via an insu- 
lator to form two terminals of a storage capacitor C st 
along with the previous gate line G M . 
[0035] FIG. 2 shows a MOS transistor as an example 
of a switching element, and the MOS transistor is prac- 
tically realized as a TFT with a channel layer made of 
amorphous silicon or polysillcon. 
[0036] According to another embodiment, the refer- 
ence electrode 270 is provided on the lower panel 100, 
and, in this case, the two electrodes 190 and 270 have 
stripe shapes parallel to each other. 
[0037] In order to obtain color display, each pixel dis- 
plays a color by providing red, green or blue color filter 
230 in an area corresponding to the pixel electrode 1 90. 
In FIG. 2, the colorfilter230 is provided in an appropriate 
area on the upper panel 1 00. Alternatively, the color filter 
230 is provided on or under the pixel electrode 190 of 
the lower panel 100. 
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[0038] Referring again to FIG. 1 , the driving voltage 
generator 700 generates a gate -on voltage V on for turn- 
ing on the switching elements Q, a gate-off voltage V off 
for turning off the switching elements, and the common 
voltage V com . 

[0039] The gray voltage generator 800 generates a 
plurality of gray voltages associated with grays. 
[0040] The gate driver 400, also referred to as the 
"scan driver", is connected to the gate lines G«|-G n , and 
applies gate signals to the appropriate gate lines G r G n . 
Each gate signal is formed of a combination of the gate- 
on voltage and the gate-off voltage,. 
[0041] The data driver 500, also referred to as the 
"source driver", is connected to the data lines D r D m , 
and selects the gray signals from the gray voltage gen- 
erator 800 to apply as the data signals to the appropriate 
data lines D^D,,,. 

[0042] The signal controller 600 generates control 
signals for controlling the operations of the gate driver 
400, the data driver 500, the driving voltage generator 
700 and the gray voltage generator 800, to provide for 
appropriate devices. 

[0043] Now, the operation , of the LCD will be de- 
scribed in detail. 

[0044] The signal controller 600 receives gray signals 
R, G and B and input control signals controlling the dis- 
play of the gray signals R, G and B from an external 
source (not shown). The input control signals include a 
vertical synchronization signal V^ nc , a horizontal syn- 
chronization signal Hsy nc , a main clock CLK and a data 
enable signal DE. After generating gate control signals 
GCS and data control signals DCS based on the input 
control signals and processing the gray signals suitable 
for the liquid crystal panel assembly 300, the signal con- 
troller 600 supplies the gate control signals to the gate 
driver 400 and the data control signals and the proc- 
essed gray signals R\ G' and B' to the data driver 500. 
The signal controller 600 also provides some control sig- 
nals for the driving voltage generator 700 and the gray 
voltage generator 

[0045] The gate control signals GCSinclude a vertical 
synchronization start signal STV instructing to begin 
outputting gate-on pulses with the gate-on voltage V on , 
a gate clock CPV controlling the timing of the gate on 
pulses, and a gate on enable signal OE determining the 
width of the gate on pulse. The data control signals DCS 
include a horizontal synchronization start signal STH'm- 
structingto begin inputting the gray signals, a load signal 
LOAD or TP instructing to apply the data voltages to ap- 
propriate data lines D^Dn,, a reverse control signal RVS 
for reversing the polarities of the data voltages, and a 
data clock HCLK. Among the gate control signals GCS, 
the a vertical synchronization start signal STV and a 
gate clock CPV are provided for the gray voltage gen- 
erator 800. 

[0046] The gate driver 400 sequentially applies the 
gate on pulses to the gate lines G 1 -G n based on the gate 
control signals GCS, thereby turning on the switching 



elements Q connected thereto. At the same time, the 
data driver 500 provides the gray voltages from the gray 
voltage generator 800, which correspond to the gray sig- 
nals R\ G' and B 1 for the pixels including the turned-on 

5 switching elements Q, to the appropriate data lines Oy 
D m as the data voltages. The data voltages are applied 
to the corresponding pixels via the turned-on switching 
elements Q. In this way, all the pixels are applied with 
the data voltages by sequentially applying the gate on 

10 pulses to all the gate lines G.,-G n during one frame. 
[0047] At this time, as shown in FIG. 3, the polarities 
of the data voltages with respect to the common voltage 
V com , which are referred to as simply "the polarities of 
the data voltages" hereinafter, are subject to two-to-one 

15 inversion and frame inversion. That is, the polarities of 
the data voltages are inverted by every two rows and 
every column and by every frame. 
[0048] In addition, between the two adjacent pixel 
rows with the same polarity, the absolute values of "the 

20 data voltages subtracted by the common voltage V com " 
for the pixels in an upper row are larger than those in a 
lower row for the same grays. That is, \d upper — V^ 
> flower — v con\ ■ where d upper and d tower are the data 
voltages indicating the same gray for the upper and the 

25 lower pixel rows, respectively. The "absolute value of a 
voltage" in this specification means the absolute value 
of the voltage subtracted by the common voltage V com . 
[0049] According to an embodiment shown In FIG. 3, 
the data voltages for the i-th pixel row and the (i+1)-th 

30 pixel row have the same polarity, but have the different 
polarity from those for the (i-2)-th and the (M)-th pixel 
rows. For example, the data voltages for the j-th pixels 
in both the i-th and the (i+1 )-th pixel rows have the pos- 
itive polarity, while those in both the (i-2)-th and the (i- 

35 1 )-tn pixel rows have the negative polarity. 

[0050] Let us assume that d, and d, +1 are the data volt- 
ages for the j-th pixels in the i-th and the (i+ 1)-th pixel 
rows, respectively, and V ( and V, +1 are the pixel voltag- 
es, which are defined by the voltages across the liquid 

40 crystal capacitors C, c , of the j-th pixels In the i-th and the 
(i+1)-th pixel rows, respectively. Furthermore, it is as- 
sumed that d, and d, +1 represent the same gray, and thus 

[0051] As shown in FIG. 4, the data voltages d, and 
45 d k1 experience RC delay to become d'| and d' l+1 during 
flowing through the data line Dy The data voltage d, ex- 
periences much larger RC delay since it takes time to 
reach the expected value from the previous data voltage 
d M with the negative polarity. On the contrary, the data 
50 voltage d k1 hardly experiences the RC delay since the 
difference between the data voltages d| and d i+1 is rel- 
atively small. Since the data voltage d, has a larger ab- 
solute value than the data voltage d, +1 , the voltage drop 
of the pixel voltages V| in the upper row due to the RC 
55 delay is compensated. In particular, if the difference be- 
tween the values of the data voltages d| and d i+1 is de- 
termined such that the pixel voltages V, and V, +1 reach 
the same value, the voltage drop is fully compensated. 
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[0052] In the meantime, when the voltage drop due to 
the parasitic capacitance between the upper and the 
lower pixels is larger than the voltage drop due to the 
RC delay, the data voltage for the upper pixel has a 
smaller absolute value than that for the lower pixel for 5 
the same gray. However, in general, since the voltage 
drop due to the parasitic capacitance is smaller than the 
voltage drop due to the RC delay, the data voltage for 
the upper pixel is determined to have a larger absolute 
value than that for the lower pixel. 
[0053] For this purpose, gray voltage generators ac- 
cording to embodiments of the present invention are de- 
signed to generate a plurality of gray voltages having 
different values for the same grays. 
[0054] FIG. 5 is a circuit diagram of an exemplary gray 
voltage generator according to an embodiment of the 
present invention. 

[0055] As shown in FIG. 5, a gray voltage generator 
according to an embodiment of the present invention in- 
cludes a gray voltage producer 81 0, a pulse signal gen- 
erator 820, and a reference voltage generator 830. 
[0056] The gray voltage producer 810 includes a first 
array of resistors R1-R5 generating positive gray volt- 
ages VREF1-VREF5, and a second array of resistors 
R6-R10 generating negative gray voltages 
VREF6-VREF1 0. The first array of resistors R1 -R5 and 
the second array of resistors R6-R10 are connected in 
series. The gray voltage producer 810 further includes 
a pair of resistors R12 and R11 connected in series be- 
tween the first and the second arrays of the resistors 
R1 -R1 0, a pair of diodes D 1 and D2 connected in series 
between the pair of resistors R12 and R11, and a ca- 
pacitor C1 connected between a node RFC between the 
diodes D 1 and D2 and a predetermined voltage such as 
the ground voltage. The forward directions of the diodes 
D 1 and D2 are a direction from the first array of resistors 
R1-R5 to the second array of resistors R6-R10. 
[0057] The resistors R1 -R5 in the first array are con- 
nected in series between a predetermined voltage V dd 
from an external source and the resistor R12. The gray 
voltages VREF1-VREF4 are obtained from respective 
nodes between the resistors R1-R5, and the gray volt- 
age VREF5 is obtained from a node between the resis- 
tors R5 and R12. 

[0058] The resistors R6-R10 in the second array are 
connected in series between the resistor R11 and a pre- 
determined voltage such as the ground voltage. The 
gray voltage VREF6 is obtained from a node between 
the resistors R11 and R6, and the gray voltages 
VREF7-VREF10 are obtained from respective nodes 
between the resistors R6-R10. 
[0059] The pulse generator 820 includes a D flip-flop 
822, an OR gate 824, a switch SW, a pair of resistors 
R15 and R16, and another pair of resistors R13 and 
R14. 

[0060] The resistors R13 and R14 are connected in 
series between the predetermined voltage V dd and an- 
other predetermined voltage such as a ground voltage. 



[0061] The D flip-flop 822 has a clock terminal CLK 
connected to a gate clock CPVfrom the signal proces- 
sor (600 in FIG. 1), a preset terminal PRE connected to 
a high level HI, a clear terminal CLR connected to the 
high level HI, an input terminal D t an output terminal Q 
and an inverted output terminal Q. 
[0062] The OR gate 824 has afirsthput terminal cou- 
pled to the inverted output terminal Q of the D flip-flop 
822, a second input terminal coupled to a horizontal syn- 
chronization start signal STV, and an output terminal 
connected to the input terminal D of the D flip-flop 822. 
The OR gate 824 may be substituted with dual diodes 
and resistors. 

[0063] The resistor R15 Is coupled between the out- 
put terminal O of the D flip-flop 822 and the switch SW, 
while the resistor R16 is coupled between the inverted 
output terminal O of the D flip-flop 822 and the switch 
SW. The resistances of the resistors R15 and R16 are 
preferably different. The switch SW in turn is connected 
to a node N3 between the resistors R13 and R14 to al- 
ternately connect the output terminal Oand the inverted 
output terminal Q to the node N3. 
[0064] The reference voltage generator 830 includes 
a pair of amplifiers 832 and 834, two pairs of voltage 
gain resistors R17and R18; R19 and R20, and another 
pair of resistors flFand RG. 

[0065] Two supply terminals of each amplifier 832 or 
834 are connected to the voltage V dd and a predeter- 
mined voltage such as the ground voltage, respectively. 
The non-inverted input terminal of the amplifier 832 is 
connected to the node N3 between the resistors R13 
and R14, while the non-inverted input terminal of the 
amplifier 834 is connected to a node RFC between the 
diodes D 1 and D2. The output terminal of the amplifier 
832 is connected to a node N2 between the resistors R7 
and R8 via the resistor RG, while the output terminal of 
the amplifier 834 is connected to a node N1 between 
the resistors R3 and R4 via the resistor RE 
[0066] One pair of voltage gain resistors R1 7 and R1 8 
are connected in series between the output terminal of 
the amplifier 832 and a predetermined voltage such as 
the ground voltage, while the other pair of voltage gain 
resistors R1 9 and R20 are connected in series between 
the output terminals of the amplifiers 832 and 834. Re- 
spective inverted input terminals of the amplifiers 832 
and 834 are connected to a node N4 between the resis- 
tors R1 7 and R1 8 and a node N5 between the resistors 
R19 and R20, respectively. 

[0067] Now, the operation of the gray voltage gener- 
ator shown in FIG. 5 is described in detail with reference 
to FIG. 6, which is a timing chart of signals for operation 
of the gray voltage generator. 

[0068] Upon receipt of the horizontal synchronization 
start signal STV, the OR gate 824 ORs the horizontal 
synchron ization start signal ST^ and the output from the 
inverted output terminal Q of the D flip-flop 822 to pro- 
vide for the input terminal D of the D flip-flop 822. 
[0069] Since the clear terminal CLR and the preset 
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terminal PRE of the D flip-flop 822 are fixed to the high 
level HI, the D flip-flop 822 outputs a pair of pulse signals 
having a period twice the period of the gate clock CPV 
and inverted phases through the non-inverted output 
terminal O and the inverted output terminal Q in syn- s 
chronization with the gate clock CPV entering into the 
clock terminal CLK. The output of the inverted output 
terminal Q is ORed again with the horizontal synchro- 
nization start signal STV by the OR gate 824 to be re- 
turned to the input terminal D, The OR gate 824 makes 10 
the initial phase of the pulse signals to be the same for 
every frame. 

[0070] The pair of pulse signals from the output ter- 
minal Q and the inverted output terminal Q of the D flip- 
flop 822 are alternately coupled to the node N3 between is 
the resistors R1 3 and R1 4 via the resistors R1 5 and R1 6 
according to switching operations of the switch SW. The 
switching of the switch SW is preferably performed in 
the same period of the gate clock CLK. Since the resist- 
ances of the resistors R15 and R16 are different, the 20 
voltage value of the node N3 is changed periodically, 
particularly in the same period as that of the gate clock 
CLK. Accordingly, the input voltage V jn into the non-in- 
verted terminal of the amplifier 832 periodically varies. 
[0071] The amplifier 832 amplifies the input voltage 25 
V, n of the non-inverted input terminal by a voltage gain 
determined by the resistances of the voltage gain resis- 
tors R 1 7 and R1 8 to generate an output voltage with the 
same phase as the input voltage V, n , and provides the 
output voltage for the node N2 between the resistors R7 30 
and R8 via the resistor RG as a reference voltage of the 
negative gray voltages. 

[0072] The output voltage of the amplifier 832 is also 
provided for the inverted input terminal of the amplifier 
834 via the resistor R20. The amplifier 834 inverses the 35 
input voltage of its inverted input terminal with respect 
to the voltage of the node RFC or the half of the voltage 
V dd to output an output voltage with reversed phase 
compared with the input voltage, and provides the out- 
put voltage for the node N1 between the resistors R3 *o 
and R4 via the resistor RF as a reference voltage of the 
positive gray voltages. 

[0073] The resistances of the resistors R13, R14 and 
R17-R20 are determined in a manner that, when the 
switch SW is opened, the voltage VREF8 of the node & 
N2 between the resistors R7 and R8 has the center val- 
ue among the negative gray voltages, while the voltage 
VREF3 of the node N1 between the resistors R3 and R4 
has the center value among the positive gray voftages. 
[0074] As a result, the varying input voltage V jn chang- so 
es the values of the reference voltages VREF3 and 
VREF8, thereby causing the different values of the gray 
voltages VREF1-VREF10. The variation of the values 
of the reference voltages VREF3 and VREF8 can be ad- 
justed by adjusting the resistances of the resistors RF ss 
and RG, and the resistors RF and RG are preferably 
variable resistors for this purpose. 
[0075] FIG. 7 is a circuit diagram of an exemplary gray 



voltage generator according to another embodiment of 
the present invention. 

[0076] As shown in FIG. 7, a gray voltage generator 
according to another embodiment of the present inven- 
tion includes a gray voltage producer 810, a pulse gen- 
erator 820, and a pair of variable resistors ffFand RG. 
[0077] The gray voltage producer 81 0 including a se- 
ries of resistors R1 -R1 0, a pair of resistors R1 2 and R1 1 , 
a pair of diodes D1 and D2, and a capacitor C1 has sub- 
stantially the same configuration as that shown in FIG. 5. 
[0078] The pulse generator 820 Includes a D flip flop 
822 and an OR gate 824. Four terminals PRE, CLR, 
CLK and I of the D flip flop 822 are configured in sub- 
stantially the same way as shown in FIG. 5, while two 
output terminals Q and Q are directly connected to the 
resistors flFand RG, respectively, which in turn are con- 
nected to respective nodes N1 and N2 between the re- 
sistors R3 and R4 and between the resistors R7 and R8. 
[0079] The values of reference voltages VREF3 and 
VREF8 are alternately changed by the output pulse sig- 
nals from the output terminals of the D flip-flop 822, and 
the variation of the values are adjusted by adjusting the 
resistances of the variable resistors RFand RG. 
[0080] The above embodiments described the gray 
voftages varying in the same period as the gate clock 
CLK, that is, varying every pixel row for two-to-one in- 
version. However, the present invention can be also ap- 
plied to any types of two or more line inversions includ- 
ing two line inversion without column inversion, three 
line inversion without column inversion, three-to-one in- 
version, four-to-one inversion or the like. This can be 
obtained by changing the periods of the pulse signals 
from the pulse signal generator. 
[0081] While the present invention has been de- 
scribed in detail with reference to the preferred embod- 
iments, it is to be understood that the invention is not 
limited to the disclosed embodiments, but, on the con- 
trary, is intended to cover various modifications and 
equivalent arrangements included within the sprit and 
scope of the appended claims. 
[0082] Where technical features mentioned in any 
claim are followed by reference signs, those reference 
signs have been included for the sole purpose of in- 
creasing the intelligibility of the claims and accordingly, 
such reference signs do not have any limiting effect on 
the scope of each element identified by way of example 
by such reference signs. 



Claims 

1 . A liquid crystal display comprising: 

a plurality of gate lines transmitting gate sig- 
nals; 

a plurality of data lines intersecting the plurality 
of gate lines and transmitting data voltages; 
and 
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a plurality of pixel rows, each pixel row includ- 
ing a plurality of pixels, each of the plurality of 
pixels including a switching element connected 
to one of the plurality of gate lines and one of 
the plurality of data lines, 

wherein polarity of the data voltages supplied 
to the plurality of pixels are inverted by a pixel group 
including two or more pixel rows, and absolute val- 
ues of the data voltages applied to one row of the 
pixel group with respect to a first predetermined 
voltage are greater than the absolute values of the 
data voltages applied to another row of the pixel 
group for the same grays. 

2. The liquid crystal display of claim 1 , wherein the one 
pixel row is firstly applied with the data voltages in 
the pixel group. 

3. The liquid crystal display of claim 1, wherein the one 
pixel row is lastly applied with the data voltages in 
the pixel group. 

4. The liquid crystal display of claim 1 , further compris- 
ing: 

a gate driver for sequentially supplying a gate- 
on voltage to the plurality of gate lines to turning 
on the switching elements; 
a gray voltage generator generating a plurality 
of gray voltages, each gray voltage having at 
least two different values; and 
a data driver for selecting the plurality of gray 
voltages and supplying the selected gray volt- 
ages as the data voltages to the plurality of pix- 
els via the turned on switching elements. 

5. The liquid crystal display of claim 4, wherein the 
gray voltage generator comprising: 

a gray voltage producer generating the plurality 
of gray voltages based on a plurality of refer- 
ence voltages including a first reference volt- 
age; and 

a reference voltage producer, connected to the 
gray voltage producer, generating the first ref- 
erence voltage with a value which varies de- 
pending on the number of the pixel rows in the 
pixel group to provide for the gray voltage pro- 
ducer. 

6. The liquid crystal display of claim 5, wherein the ref- 
erence voltage producer comprises: 

a pulse signal producer generating at least one 
pulse signal having a period depending on the 
number of the pixel rows in the pixel group; and 
a level adjuster adjusting a voltage level of the 



at least one pulse signal from the pulse signal 
producer to generate the first reference volt- 
age. 

5 7. The liquid crystal display of claim 6, wherein the at 
least one pulse signal comprises a first pulse signal 
and a second pulse signal, the first and the second 
pulse signals are inverted signals of each other, and 
the level adjuster comprises an input voltage gen- 

io erator alternately switching the first and the second 
pulse signals and changing levels of the first and 
the second pulse signals to generate a first voltage, 
and a level changer changing the first voltage to 
generate the first reference voltage. 

15 

8. The liquid crystal display of claim 7, wherein the in- 
put voltage generator comprises a switch alternate- 
ly switching the first and the second pulse signals 
and a plurality of resistors comprising a pair of first 

20 resistors connected in series between a second 
predetermined voltage and a third predetermined 
voltage and a pair of second resistors respectively 
connected to the first and the second pulse signals, 
the switch is connected to a first node between the 

25 first resistors and alternately connected to the sec- 
ond resistors, and the input voltage generator out- 
puts a voltage of the first node. 

9. The liquid crystal display of claim 8, wherein the lev- 
30 el changer comprises: 

an amplifier amplifying the first voltage; 

a third resistor connected between the amplifier 

and the gray voltage producer. 

35 

1 0. The liquid crystal display of claim 9, wherein the plu- 
rality of reference voltages further comprises a sec- 
ond reference voltage, and the level changer com- 
prises: 

40 

an inverter inverting an output of the amplifier 
with respect to a second predetermined volt- 
age; 

a fourth resistor, connected between the inven- 
ts er and the gray voltage producer, for providing 
the second reference voltage. 

11. The liquid crystal display of claim 10, wherein the 
gray voltage producer comprises a plurality of fifth 

50 resistors for positive grays connected in series a 
plurality of sixth resistors for negative grays con- 
nected in series, one of the first and the second ref- 
erence voltages are provided for a node between 
the fifth resistors, and the other of the first and the 

55 second reference voltages are provided for a node 
between the sixth resistors 

12. The liquid crystal display of claim 10, wherein the 
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third and the fourth resistors comprise variable re- 
sistors. 

13. The liquid crystal display of claim 7, wherein the 
pulse signal producer comprises a D flip flop gen- 
erating the first and the second pulse signals based 
on a clock signal for the gate driver. 

14. The liquid crystal display of claim 13, wherein the 
pulse signal producer further comprises an OR gate 
ORing the first pulse signal and a start signal for the 
gate driver to provide a signal for the D flip flop as 
an input. 

15. The liquid crystal display of claim 6, wherein the at 
least one pulse signal comprises a first pulse signal 
and a second pulse signal, the first and the second 
pulse signals are inverted signals of each other, and 
the level adjuster comprises a resistor connected to 
one of the first and the second pulse signals. 



age to produce the second reference voltage. 

19. A method for generating gray voltages with chang- 
ing amplitudes for a liquid crystal display, compris- 
5 ing: 

generating first and second pulse signals with 
inverted phases; 

periodically switching the first and the second 

10 pulse signals; 

changing levels of the first and the second 
pulse signals to generate a first voltage; 
amplifying the first voltage to produce a first ref- 
erence voltage; 

15 inverting the first reference voltage with respect 

to a predetermined voltage to produce a sec- 
ond reference voltage; and 
generating a plurality of positive and negative 
gray voltages based on the first and the second 

20 re f erence voltages. 



16. The liquid crystal display of claim 15, wherein the 
resistor comprises a variable resistor. 



17. An apparatus for driving a liquid crystal display, 25 
comprising: 



a gray voltage producer generating a plurality 
of positive gray voltages and a plurality of neg- 
ative gray voltages based on a plurality of ref- so 
erence voltages including a first reference volt- 
age for positive grays and a second reference 
voltages for negative grays; 
a pulse signal producer generating first and 
second pulse signals with inverted phases; and 35 
a level adjuster adjusting a voltage level of the 
first and the second pulse signals from the 
pulse signal producer to generate the first and 
the second reference voltages. 

40 

18. The liquid crystal display of claim 17, wherein the 
level adjuster comprises: 

a switch alternately switching the first and the 
second pulse signals; 45 
a pair of first resistors connected in series be- 
tween a first predetermined voltage and a sec- 
ond predetermined voltage; 
a pair of second resistors respectively connect- 
ed to the first and the second pulse signals, the so 
switch connected to a node between the first 
resistors and alternately connected to the sec- 
ond resistors; 

a first amplifier, connected to the node, for am- 
plifying a voltage of the node to produce the first 55 
reference voltage; and 

a second amplifier inverting an output of the 
amplifier with respect to a predetermined volt- 
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